Key indicators: single-crystal X-ray study; T = 295 K; mean (C-C) = 0.003 Å; R factor = 0.049; wR factor = 0.138; data-to-parameter ratio = 16.0. organic compounds o476 El-Agrody et al.
The title compound, C 21 H 15 FN 2 O 2 , features an approximately planar 1H-benzo[f]chromene fused-ring system (r.m.s. deviation for the 14 non-H atoms = 0.052 Å ), with the fluorobenzene ring being almost perpendicular to this [dihedral angle = 85.30 (7) ]. The furan ring has a flattened half-chair conformation, with the methine C atom deviating by 0.132 (2) Å from the plane of the remaining atoms (r.m.s. deviation = 0.0107 Å ). In the crystal, inversion dimers are formed via pairs of amine-cyano N-HÁ Á ÁN hydrogen bonds. The dimers are connected into a three-dimensional architecture by C-HÁ Á ÁN(cyano), C-HÁ Á Á and -[intercentroid distance = 3.6671 (10) Å ] interactions.
Related literature
For background and various applications of benzo-and naphthopyran-derivatives, see: Bonsignore et al. (1993) ; Hafez et al. (1987) . For background to the chemistry and biological activity of 4H-pyran derivatives, see: ; Sabry et al. (2011) . For related structures, see: Wang et al. (2008) ; Shekhar et al. (2012) ; Amr et al. (2013) Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the C1-C4,C9,C10 ring. Symmetry codes: (i) Àx þ 2; Ày þ 1; Àz þ 2; (ii) Àx þ 1; Ày þ 1; Àz þ 2; (iii) Àx þ 1; Ày þ 1; Àz þ 1; (iv) Àx þ 1; Ày þ 2; Àz þ 1.
Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010). for funding structural studies through the High-Impact Research scheme (UM.C/HIR-MOHE/SC/12).
Supplementary data and figures for this paper are available from the IUCr electronic archives (Reference: HB7047). supplementary materials sup-1 Acta Cryst. (2013) . E69, o476-o477 supplementary materials Acta Cryst. (2013) . E69, o476-o477 [doi:10.1107/S160053681300545X] 
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T. Tiekink Comment
Benzo-and naphthopyran-derivatives can possess biological and pharmacological activities, such as anti-coagulant, spasmolytic, diuretic, anti-cancer and anti-anaphylactin activities (Bonsignore et al., 1993) . Some of these compounds can also be employed as cosmetics, pigments and as potential biodegradable agrochemicals (Hafez, et al., 1987) .
Derivatives of 4H-pyran are also known to exhibit biological activities Sabry et al., 2011) , and form the focus of on-going studies of their chemistry. In this connection, herein, the crystal and molecular structure of the title compound, (I), is described.
In (I), Fig. 1 , the 14 non-hydrogen atoms of the 1H-benzo[f]chromene fused-ring system are co-planar with a r.m.s. deviation of the fitted atoms = 0.052 Å. The maximum deviations are 0.136 (2) Å for the methine-C11 atom and -0.052
(2) Å for the aromatic-C7 atom. This implies that the furan ring is approximately planar as borne out by the observation that the methine-C11 atom lies only 0.132 (2) Å above the plane of the remaining atoms (r.m.s. deviation = 0.0107 Å), indicating a flattened half-chair conformation. The fluorobenzene ring is approximately perpendicular to the 1Hbenzo[f]chromene residue, forming a dihedral angle of 85.30 (7)°. The methoxy group is co-planar with the ring to which it is attached as seen in the value of the C14-O2-C6-C5 torsion angle of 0.5 (3)°. The structure described here resembles very closely those of the 4-bromo (Wang et al., 2008) and 2-CF 3 (Shekhar et al., 2012) derivatives of the parent compound, as well as that of the 7-methoxy analogue (Amr et al., 2013) .
Hydrogen bonding features in the crystal packing whereby 12-membered {···HNC 3 N} 2 synthons formed by centrosymmetrically related molecules arise from the formation of amine-N-H···N(cyano) hydrogen bonds, Table 1 .
These are connected into a three-dimensional architecture by C-H···N2(cyano), C-H···π and π-π [inter-centroid distance for (O1,C1,C10-C13)···(C4-C9) i = 3.6671 (10) Å, inter-planar angle = 4.19 (8)° for i: Fig. 2 and Table 1 . The second amine-H2 atom does not participate in a significant intermolecular interaction.
Experimental
A solution of 6-bromo-2-naphthol (0.01 mol) in EtOH (30 ml) was treated with α-cyano-p-fluorocinnamonitrile (0.01 mol) and piperidine (0.5 ml). The reaction mixture was heated until complete precipitation occurred corresponding to a reaction time of 60 min. The solid product which formed was collected by filtration and recrystallized from ethanol to give the title compound, (I), in the form of light brown prisms; M.pt: 529-530 K.
Refinement
The C-bound H atoms were geometrically placed (C-H = 0.93-0.98 Å) and refined as riding with U iso (H) = 1.2U eq (C).
The N-bound-H atoms were refined freely. supplementary materials sup-2 Acta Cryst. (2013) . E69, o476-o477
Computing details
Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO (Agilent, 2011); data reduction: CrysAlis PRO (Agilent, 2011); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
Figure 1
The molecular structure of (I) showing displacement ellipsoids at the 35% probability level. supplementary materials sup-3 Acta Cryst. (2013) . E69, o476-o477
Figure 2
A view in projection down the b axis of the crystal packing in (I). The N-H···N, C-H···N, C-H···π and π-π interactions are shown as blue, orange, purple and brown dashed lines, respectively. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
3-Amino-1-(4-fluorophenyl)-8-methoxy-1H-benzo[f]chromene-2-carbonitrile
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq F1 0.65107 (18 (7) 0.0490 (7) 0.0064 (7) O1 0.0466 (6) 0.0623 (7) 0.0539 (7) 0.0294 (5) 0.0262 (5) 0.0343 (6) O2 0.0705 (8) 0.0905 (10) 0.0680 (9) 0.0550 (8) 0.0249 (7) 0.0441 (8) N1 0.0463 (9) 0.0631 (10) 0.0626 (10) 0.0293 (7) 0.0230 (7) 0.0338 (8) (13) 0.0491 (10) 0.0220 (9) 0.0328 (9) 0.0195 (9) C20 0.0501 (9) 0.0492 (10) 0.0450 (9) 0.0129 (7) 0.0224 (7) 0.0172 (8) C21 0.0399 (8) 0.0488 (9) 0.0491 (9) 0.0212 (7) 0.0159 (7) 0.0234 (8) Geometric parameters (Å, º) C8-C9-C10-C1 176.87 (14) C11-C15-C20-C19 178.28 (16) C4-C9-C10-C11 174.03 (13) C18-C19-C20-C15 0.2 (3)
Hydrogen-bond geometry (Å, º)
Cg1 is the centroid of the C1-C4,C9,C10 ring. Symmetry codes: (i) −x+2, −y+1, −z+2; (ii) −x+1, −y+1, −z+2; (iii) −x+1, −y+1, −z+1; (iv) −x+1, −y+2, −z+1.
